Introduction
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other protein-rich plants (Gdala and Buraczewska, 1996; Knudsen, 1997 Knudsen, , 2014 and is still a nutritional problem. These authors claimed that the soluble NSP content in some old Polish cultivars of yellow lupin seeds ranged from 2.0 to over 12.0%. Yet, according to later research, lupin protein is digested to the same degree as from SBM (Hughes and Kocher 1998; Hammershoj and Steenfeldt, 2005) or even better (Kaczmarek et al., 2014 .
The effect of raw materials on yolk colour is a well-known phenomenon: maize contains lutein and zeaxanthin at concentrations of 20 to 25 mg of xanthophyll · kg −1 , carrot meal contains 54 to 65 mg of xanthophyll · kg −1 (Sikder et al., 1998; Dvořák et al., 2007) . Maize silage (grains and cobs) exert a positive effect on yolk colour when included in diets for laying hens.
Therefore, the aim of the present study was to determine the influence of a new variety of yellow lupin seeds (var. Mister) added into laying hen diets on their performance and egg quality parameters.
Material and methods

Animals and diets
The study was conducted accordingly to the guidelines of the Local Ethics Commission with respect to animal experimentation and care of animals under study.
In total, 360 17-week old Hy-Line Brown hens were weighed and randomly allocated into cages (3 birds in each cage) with ad libitum access to drinking water and feed. Animals were fed pre-laying feed mixture containing 14.5% of crude protein and 11 MJ · kg −1 metabolizable energy from the 17 to 21 week of age. Before the beginning of egg production, birds were randomly assigned to five treatments, 24 replicates in each. The experiment started at the 21 week of age. Birds from the control group were fed a diet based on wheat/native grain in which soyabean meal and rapeseed meal were the main protein sources. Experimental diets consisted of a constant content of peas var. Trachalska (10%); soyabean meal and rapeseed meal were replaced with yellow lupin seeds var. Mister (Table 1) in the amounts of 10, 15, 20 and 25% (Table 2) . Animals had free access to water, and isonitrogenous and isoenergetic diets in a mash form. The 14 h light/10 h dark cycle was provided. The chemical composition of diets (Table 2) was calculated using linear optimalization on the basis of our own chemical analysis of the used components.
Collected data
In the study the following parameters were examined:
• initial and final body weight of hens (for each replicate), • week feed intake and feed conversion ratio (FCR) (for each replicate), • egg weight with 0.1 g accuracy (g), determined weekly for 20 eggs from each replicate, • egg shape index (ESI, %) calculated according to the formula: ESI = egg width (mm) × 100 / egg height (mm), • weight of yolk, thick and thin albumen and eggshell (g), • content of yolk, thick and thin albumen and shell in the egg mass (%), • yolk colour (points) measured every two weeks visually using a La Roche Yolk Colour Fan (from 1 -the lightest to 15 -the darkest) (Roche, Bern, Switzerland) and with a Minolta CR-410 colorimeter (Konica Minolta, Tokyo, Japan), • Haugh units (HU) score was calculated according to the formula: HU = 100 log (h − 1.7 W 0.37 + 7.6) where: h -average thick albumen height (mm), W -egg weight (g), • pH of yolk and albumen using a CP-401 pH meter (Elmetron, Bydgoszcz, Poland), • eggshell thickness (mm) together with shell membranes at the equatorial part of the egg, using a micrometre screw with 0.01 mm accuracy, • eggshell strength (kg) measured with an egg crusher (ORKA, Tel Aviv, Israel). The methods of egg quality determination were described by Adamski (2008) .
Chemical analyses
According to AOAC International (2005) , nitrogen concentration (method 976.05) with the use of a Kjel Foss Automatic 16210 (A/S N. Foss Electric, Hillerod, Denmark) and crude fat (method 920.39) using a Soxtex System HT 1043 Extraction Unit (Foss Tecator, Hillerod, Denmark) were determined in the diet. To determine crude protein concentration, the assayed nitrogen was multiplied by 6.25. Crude fibre concentrations in the diet were calculated in line with INRA standards (Sauvant et al., 2004) . The concentration of carotenes and xanthophylls was analysed according to spectrophotometric method -PB 60 KLP. The amino acid (AA) content was determined by using an AAA-400 Automatic Amino Acid Analyser (Ingos, Prague, Czech Republic) with ninhydrin for post-column derivatization. Before analyses, the samples were hydrolysed with 6N HCl for 24 h at 110 °C (procedure 994.12; AOAC International, 2005) .
Lupin alkaloids were extracted from the meal with trichloroacetic acid and methylene chloride. The determination was provided by the gas chromatography method (Shimadzu GC17A, Phenomenex Inc., Torrance, CA, USA) with a capillary column (Phenomenex Inc., Torrance, CA, USA). Raffinose family oligosaccharides (RFO) in lupin seeds were extracted and analysed using high-resolution gas chromatography, as described by Zalewski et al. (2001) . Phytic phosphorus was determined by extracting the sample in hydrochloric acid. Next, iron-ammonium sulphate was added to the centrifuged extract which was heated and then centrifuged. Bipyridine solution was added to the supernatant and absorbance was determined using a Media spectrophotometer (Marcel Lamidey S.A., Chatillon, France) at 519 nm wavelength (Hang and Lantz, 1983) . The water extract viscosity (WEV) of lupin seeds was measured in vitro. Prior to the determination of WEV, lupin samples were ground in a mill to pass through a sieve with 0.5 mm mesh, and then 1 g of each of the examined cultivar was mixed with 5 ml distilled water for 1 h at 40 °C. The samples were centrifuged at 10 000 g for 10 min at 4 °C, the supernatant was withdrawn and viscosity was determined in a Brookfield Digital DV-II+ cone/plate viscometer (Brookfield Engineering Laboratories Inc., Stoughton, MA, USA) maintained at 40 °C at a shear rate of 12 · s -1 (mPas · s = cP = 1 × 100 dyne · s · cm −2 ; WEV units are mPas · s). The metabolizable energy of diets was calculated based on Smulikowska and Rutkowski (2005) . 
Statistical analysis
All data were examined earlier to discard any possible outliers. The analyses were performed using the appropriate procedures of SAS Software (distribution analyses; outliers were defined as observations whose distance to the location estimate exceeded 3 times the standard deviation; SAS Institute Inc., Cary, NC, USA). The obtained results were subjected to one-factorial analysis of variance (ANOVA). Experimental data were compared using the Duncan test and differences were assumed to be significant at P < 0.05.
Regression analysis of the effects of laying period on the changes of yolk colour was performed using the following model: yi = β 0 + β l Xil + εi where: yi -yolk colour, β 0 , β 1 -regression coefficients, Xi -laying period, εi -random variable assumed to be normally distributed with mean 0 and variance δ 2 . In the experiment, standard error of the mean (SEM) was used as a measure of error.
Results
Performance
The health status of hens was good and there was noted no mortality. Body weight of hens (Table 3) amounted on average 1.90-1.96 kg at the beginning and 1.63-1.66 kg after 22 weeks of experiment, without significant differences between treatments.
The dynamics of laying rate (Table 3) in the first 9 weeks of the experiment did not differ between groups. Between 10 and 18 week of egg production, there were observed differences between groups in laying rate (P < 0.05); only group containing 10% of yellow lupin seeds did not differ from the control group. The laying rate in group with 15% yellow lupin seed addition was lower in comparison to control group in weeks 12, 15, 16 and 18. The group with 20% yellow lupin seed addition also differed from control group but only in selected weeks: 11, 12 and 15. The laying rate in group with 25% yellow lupin seeds addition was lower than in the control group and group with 10% inclusion from 10 to 17 week and from all other treatment groups in weeks 10, 11, 14, 15, 16 and 17. For the whole experiment the laying rate was the highest in the control group, and in groups with 10 and 20% yellow lupin seeds addition; however groups with 10 and 20% addition also did not differ from groups fed diet with 15% addition. The lowest laying rate was obtained in birds fed diet with 25% inclusion of yellow lupin but this result did not differ from group with 15% yellow lupin seeds supplementation.
The egg weight varied significantly between treatments after the first 5 weeks up to 20 week of the experiment (Table 4 ). The mean values for the whole study show that only hens fed diet containing 25% yellow lupin seeds produced significantly smaller eggs as compared to the control and other treatments.
Feed intake during the 22-week study varied significantly between treatments starting from week 5 of the experiment. For the whole experimental period the lowest dietary consumption was noted in the control group and in the group with 25% lupin seeds addition (Table 5) ; however there was observed no difference between groups with 25% and 10 or 15% addition of yellow lupin seeds.
The best FCR (Table 6 ) was obtained in the control hens. Inclusion of 25% yellow lupin seeds into diet negatively influenced the FCR increasing its value (P < 0.05). Also, the addition of 10, 15 and 20% lupin seeds significantly affected FCR in comparison to control hens. 
Egg quality
The inclusion of yellow lupin seeds into laying hen diet had no significant effect on egg quality parameters such as: shape index, percentage share of yolk and thick albumen content (Table 7) . Significant differences between treatments for percentage share of thin albumen content were noted between the control group and group with 15% yellow lupin seeds addition. In comparison to the control group, the egg shell content decreased in all lupin treatments (P < 0.05).
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Discussion
The yellow lupin seeds (var. Mister) used in this study were of good quality, with a low content of alkaloids and saccharides from the raffinose family in comparison to data presented by Gdala and Buraczewska (1996) and Wasilewko and Buraczewska (1999) . Moreover, the amino acid and phosphorus contents show that Mister seeds are a profitable component of laying hen diets. Chemical composition results obtained in this study were better than those presented by Sandberg (2002) .
In comparison to many publications presenting the results of the use of yellow lupin, pea, faba beans in animal nutrition (e.g., Olkowski et al., 2005; Olkowski, 2011; Kocher et al., 2000; Kaczmarek et al., 2014 Kaczmarek et al., , 2015 Hejdysz et al., 2015 Hejdysz et al., , 2016 Rutkowski et al., 2016) , studies concerning the inclusion of lupin seeds into laying hen diets are not so common (Watkins and Mirosh, 1987; Hughes and Kocher, 1998; Mierlita, 2013; Krawczyk et al., 2015; Rutkowski et al., 2016) . The inclusion of 25% yellow lupin seeds into diet caused a decrease in the laying rate of hens as compared to the effects of control diet and treatments with 10 and 20% lupin addition. 2.00 1.00 0.00 -1.00 -2.00 -3.00 -4.00 -5.00
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The negative influence of lupin addition to hen diet was recorded by Rutkowski et al. (2015) -the 11% yellow lupin seed inclusion evoked decreased egg production. This effect was observed after 8 weeks of feeding. In our study similar effect was observed at week 10 of the experiment. In contrast, Krawczyk et al. (2015) did not confirm the negative effect of 30% yellow lupin seeds inclusion on laying performance, feed intake, FCR and egg weight. In this study, the feed intake amounted on average 126 g · d −1 · hen −1 and FCR -2.03 kg · kg −1 of egg weight. In our experiment, these indices were lower and amounted on average to 111 g · d −1 · hen −1 and FCR -2.06 kg · kg −1 egg, respectively; hens consumed more feed with lower content of seeds or without seeds. Using 15% Lupinus angustifolium L. in laying hen diets, Hammershoj and Steenfeldt (2005) did not observe any negative effects; however, with 25% lupin addition reduced egg production was recorded. Hughes and Kocher (1998) fed hens diets with 7.5, 15 or 22.5% narrow-leafed lupin seeds and at the end of the feeding period no negative effects were found. However, the increased lupin amounts in hen feed negatively influenced egg production indices (Mierlita, 2013) ; following 80% isoprotein substitution of diet components with lupin an enormous decrease in these parameters was noted. In our study only 25% inclusion of lupin into the diet led to a significant decrease in egg weight in comparison to the remaining treatments. In earlier investigations , similar effect was presented. Krawczyk et al. (2015) recorded no differences in egg weight, shell thickness or strength after inclusion of 10-30% yellow lupin into laying hen diets.
In the study of Rutkowski et al. (2015) , the use of increased amounts of yellow lupin seeds in hen diets decreased the egg quality parameters. Not only higher values of egg content pH and of HU units were determined, but also there was a decrease in the thickness, strength and share of egg shell in the egg weight. Dvořák et al. (2007) observed improved egg quality parameters after adding lupin to hen feed. Watkins and Mirosh (1987) confirmed the lack of significant differences in the HU units of eggs among treatments of hens fed diets containing 10, 15, 20, 25 and 30% white lupin seeds, but 30% share of this feed component in the diet led to a decrease in egg production. Increased feed intake was found in animals fed diet with 15% lupin seeds inclusion.
In comparison to the study of Calik (2013) on the quality of eggs from Yellowleg partridge laying hens, eggs from Hy-Line Brown hens used in our study were characterized by higher HU units but lower values of albumen and yolk pH. The increase in HU units resulting from increasing content of lupin in the diets is connected with better elasticity of thick albumen, stronger bond of ovomucins with lysozyme and better technological properties of egg albumen (Wells, 1968) . Wells (1968) and Williams (1992) , however, presented the view that hen nutrition does not appear to have a significant effect on albumen characteristics. Nevertheless, in our study, the presence of yellow lupin seeds in laying hen diets improved some egg quality parameters. Sikder et al. (1998) and Dvořák et al. (2007) , and also many other authors, have underlined the fact that dietary composition significantly influences yolk colour -an important egg quality index for consumers. In our experiment, significant improvement of yolk colour (La Roche scale) was obtained as an effect of the rise in yellow lupin seeds content in the diets and increased levels from 1.59 (in group with 10% yellow lupin seeds addition) to 3.97 (in group with 25% yellow lupin seeds addition) in 1 kg of feed mixture. These differences between 'lupin' treatments, calculated as percentages of the La Roche points rise amounted from 49 to 249%. Yellowness of yolk increased together with increasing yellow lupin seeds level in diets. More yellow yolks were noted in eggs from hens fed diets with 15, 20 and 25% yellow lupine seeds inclusion than in the remaining groups. It is possible, that inclusion of yellow lupin seeds into very poor in carotenoids wheat-pea diets, enriched the feed mixtures in those ingredients from 48.84, 206 to 229% in comparison to the control group (except for yolk pigmentation).
Conclusions
The use of up to 20% of yellow lupin seeds in diet instead of soyabean meal did not decrease laying rate and egg weight. However, the egg quality was decreased in line with the increasing yellow lupin seeds content in the diets (except for yolk pigmentation).
